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[57] ABSTRACI‘ 
A method for connecting a nozzle tube of an ink jet 
nozzle of an ink jet printer with a piezoelectric element 
utilizing a bonding agent, which comprises steps of 
applying a coating of a material having a relatively low 
adhesive property to the bonding agent on at least a 
portion of the piezoelectric element being disposed 
adjacent to the nozzle tube, and securing the piezoelec 
tric element to the nozzle tube with the bonding agent 
being applied between the coating and the nozzle tube. 
The degradation of the characteristics of the piezoelec 
tric element due to the difference in the coefficient of 
thermal expansion of the piezoelectric element and the 
bonding agent can be avoided. 

4 Claims, 2 Drawing Sheets 

8 9c 4 9 II 
6 \ / ( I 
\ 7&1‘ / I 

9b"? _ 
l . .. ..... .. 

l 
. 

lOb 10o 



' US. Patent Jan. 30, 1990 Sheet 1 bf 2 4,897,673 

Fig. I 
4 

Ski/9c / ‘(9 ll 
\ ‘ 

{ . X, 

Obi é/lOo 
Figo3 

PRIOR ART 
10b 



US. Patent Jan. 30, 1990 Sheet 2 of2 4,897,673 



4,897,673 
1 

METHOD FOR CONNECTING NOZZLE TUBE OF 
INK JET NOZZLE WITH PIEZOELECI‘RIC 

ELEMENT 

FIELD OF THE INVENTION 

This invention relates generally to an ink jet printer 
and, particularly, to a method for connecting a nozzle 
tube of an ink jet nozzle of the ink jet printer with a 
piezoelectric element which is used to actuate the ink 
jet nozzle. 

DESCRIPTION OF PRIOR ART 

There are various types of ink jet printers, and FIG. 
2 shows schematically one of them. 
The ink jet printer shown in FIG. 2 comprises a cas 

sette 1 receiving therein printing paper(s) 2 and dis 
posed vertically in the printer. The printing paper 2 is 
taken out of the cassette 1 and is delivered around a 
rotating printing head 3 whereat a predetermined print 
ing is applied thereon and, then, the printing paper is 
delivered upward. 
The printing head 3 comprises a plurality of ink jet 

nozzles 4 which are arranged radially outward from the 
axis of rotation of the printing head 3. 
The ink jet nozzle 4 is, as shown in FIG. 3, typically 

comprises a nozzle tube 5 having a tapered nozzle on 
one end and being formed of glass or synthetic resin 
material, and a generally cylindrical piezoelectric ele 
ment 6 encircling and being secured to the nozzle tube 
5. Usually, bonding agent such as epoxy resin 7 is used 
to secure the nozzle tube 5 with the piezoelectric ele 
ment 6. The piezoelectric element 6 is constituted of a 
cylindrical piezoelectric material 8, and mutually insu 
lated electrodes 9a and 9b being provided on the outer 
and inner surfaces of the piezoelectric material 8 respec 
tively and being connected respectively with lead wires 
10a and 10b. Shown at numeral 90 in FIG. 3 is an insu 
lating gap between the electrodes 9a and 9b. When an 
electric voltage is applied between the electrodes 90 
and 9b, the piezoelectric material 8 is contracted such 
that the nozzle tube 5 reduces its diameter whereby ink 
is ejected from the jet nozzle. The electrodes 9a and 9b 
are usually formed of metal platings such as Nickel 
platings. 
When the ink is a solid ink, it is required to heat the 

nozzle tube 5 and, accordingly, the bonding agent 7 of 
epoxy resin is also heated. Thus, the bonding agent 7 
tends to expand during the actuation of the printer and 
to contract during the non-actuating condition of the 
printer. Further, in the prior art ink jet nozzle 4 shown 
in FIG. 3, the bonding agent 7 of epoxy resin contacts 
directly with the electrode 9b on the inner circumfer 
ence of the piezoelectric material 8, thus, the electrode 
9b of metal plating layer will sometimes be peeled off 
the piezoelectric material 8 when the bonding agent 7 is 
cooled to low temperature due to the difference in the 
coef?cient of thermal expansion between the epoxy 
resin and the piezoelectric material. It will be under 
stood that the coefficient of thermal contraction at low 
temperature of epoxy resin is larger than that of the 
piezoelectric material. 
When the electrode is peeled off the piezoelectric 

material, the characteristics of the piezoelectric element 
6 are adversely affected such that the change in the 
impedance due to the change in the capacitance, the 
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2 
change in the resonance frequency, the decrease in the 
mechanical strength and the like. 
The present invention has been made to solve the 

problems aforementioned. 

SUMMARY OF THE INVENTION 

According to the invention, there is provided a 
method for connecting a nozzle tube of an ink jet nozzle 
of an ink jet printer with a piezoelectric element utiliz 
ing a bonding agent, which comprises steps of applying 
a coating of a material having a relatively low adhesive 
property to the bonding agent on at least a portion of 
the piezoelectric element being disposed adjacent to the 
nozzle tube, and securing the piezoelectric element to 
the nozzle tube with the bonding agent being applied 
between the coating and the nozzle tube, thereby avoid 
ing degradation of the characteristics of the piezoelec 
tric element due to the difference in the coef?cient of 
thermal expansion of the piezoelectric element and the 
bonding agent. 
The bonding agent may preferably be epoxy resin, 

and the coating applied on the piezoelectric element 
may preferably be ?uorine contained resin (fluororesin) 
such as tetrafluoroethylene. 
The ?uororesin has a low adhesive property against 

with the bonding agent when the latter is cooled and is 
contracted whereby the degradation of the characteris 
tics of the piezoelectric element is avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and effects of the invention will be 
come apparent from the following detailed description 
in conjunction with FIG. 1 of the drawings, in which: 
FIG. 1 is a schematic axial sectional view of an ink jet 

nozzle being formed according to method of the present 
invention; 
FIG. 2 is a schematic perspective view of a prior art 

ink jet printer; and 
FIG. 3 is an axial sectional view of a prior art ink jet 

nozzle. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In FIG. 1, parts corresponding to that shown in FIG. 
3 are depicted by the same reference numerals. 

Similar to the prior art device, the cylindrically 
shaped nozzle tube 5 of the ink jet nozzle 4 is provided 
on the outer circumferential surface the cylindrically 
shaped piezoelectric element 6 being secured thereto 
through the bonding agent 7 of epoxy resin material. 
According to the invention, a coating 11 of a material 

having a low adhesive property against the bonding 
agent 7 is applied on the piezoelectric element 6. 

In the embodiment of FIG. 1, the coating 11 is ap 
plied on the entire surface of the piezoelectric element 
6, however, the coating 11 may be applied on a portion 
of the surface of the piezoelectric element 6 which is 
located adjacent to the bonding agent 7 or the portion 
covering the inner circumferential electrode 9b. 
As described heretofore, according to the invention, 

a coating of a material having a relatively low adhesive 
property to the bonding agent on at least a portion of 
the piezoelectric element being disposed adjacent to the 
nozzle tube is applied, thus, it is possible to avoid the 
degradation of the characteristics of the piezoelectric 
element due to the difference in the coefficient of ther 
mal expansion of the piezoelectric element and the 
bonding agent. 
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It will be understood that the embodiment described 
as above in connection with FIG. 1 is a mere example 
showing the concept of the present invention and that 
various changes and modi?cations may easily be made 
by those skilled in the art within the scope of the inven 
tion. 
For example, the material of the coating 11 is not 

limited to the ?uororesin, and various material having 
similar property are publicly known. Further, the ink 
jet nozzle and the piezoelectric element may have the 
construction different from that of FIG. 1, the bonding 
agent may be disposed at the location different from 
that of FIG. 1, and the bonding agent may not necessar 
ily be of epoxy resin material. 
What is claimed is: 
1. A method for connecting a nozzle tube of an ink jet 

nozzle of an ink jet printer with a piezoelectric element 
utilizing a bonding agent, which comprises steps of 
applying a coating of a material having a relatively low 
adhesive property to the bonding agent on at least a 
portion of the piezoelectric element being disposed 
adjacent to the nozzle tube, and securing the piezoelec 
tric element to the nozzle tube with the bonding agent 
being applied between the coating and the nozzle tube, 
thereby avoiding degradation of the characteristics of 
the piezoelectric element due to the difference in the 

20 

35 

45 

55 

60 

65 

4 
coefficient of thermal expansion of the piezoelectric 
element and the bonding agent. 

2. A connecting method according to claim 1, 
wherein the bonding agent is of epoxy resin material, 
and the coating is of ?uorine contained resin material. 

3. A connecting method according to claim 1, 
wherein the nozzle tube has a generally cylindrical 
shape having a nozzle opening in one end, the piezo 
electric element is disposed to encircle the outer cir 
cumference of the nozzle tube, the coating is applied on 
the inner circumferential surface of the piezoelectric 
element, and thereafter, the outer circumferential sur 
face of the nozzle tube and the inner circumferential 
surface of the piezoelectric element having the coating 
thereon are secured by utilizing the bonding agent. 

4. An ink jet nozzle of an ink jet printer and compris 
ing a generally cylindrically shaped nozzle tube having 
a nozzle opening in one end, a piezoelectric element of 
a generally cylindrical shape and encircling the outer 
circumference of the nozzle tube, a bonding agent ap 
plied between the outer circumferential surface of the 
nozzle tube and the inner circumferential surface of the 
piezoelectric element, and a coating of a material hav 
ing an adhesive property lower than that of the bonding 
agent being applied on the inner circumferential surface 
of the piezoelectric element so as to prevent the bond 
ing agent from contacting directly with the piezoelec 
tric element. 

* * * * * 


